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Abstract 
The rural building energy consumption is significantly increasing with the development of the economic level and the rural 
building energy consumption consumes up to 50% of the total building energy consumption in China. In this study, the field 
measurements and a large amount of questionnaires were carried out in nearly 50 villages located in five different suburban 
counties in Jinan, China. The present rural residential building envelop characteristic, indoor thermal environment, occupant 
thermal/humidity perception as well as the heating energy data were analyzed. The results mainly show that the heating energy 
consumption using coal fuel in rural area accounts for majority of building energy consumption with the value of up to 83%. This 
study also provides appropriate measures such as renewable energy technologies according to local natural resources to save rural 
building energy. It is useful to help the government to make a strategic decision. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ISHVACCOBEE 2015. 
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1. Introduction 
In the modern world, the lack of energy has become the most serious problem. In China, building energy 
consumption accounts for approximately 30% of the total energy consumption [1, 2]. While, the rural building 
energy consumption is significantly increasing with the development of the economic level, and literature reviews 
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found that the rural building energy consumption consumes up to 50% of the total building energy consumption in 
China [3], with the trend of increase year by year [4]. Although the Chinese government has issued the national 
design standard for energy efficiency in rural residential buildings [5], there is little local design standard or energy 
saving measures provided to improve the rural building energy efficiency till today. This is due to the limited 
attention that was focused on the local rural building energy efficiency and the most important reason is that 
different thermal zones and places have significant regional difference. In other words, the building indexes, such as 
building envelope standard, energy consumption index and thermal environment criterion, will vary significantly 
from different climate zones, as well as the important energy efficiency standards [6-10]. 
Therefore, focusing on local characteristics of building energy efficiency accounting for the local weather data, 
local building material and local renewable energy resources is extremely important. This study investigates the 
present situation of the rural building energy consumption in Jinan, Chia, as well as the indoor/outdoor environment, 
building structure and materials. Through analyzing the real data, we conclude a series of measures to reduce the 
building energy consumption in rural areas in order to promote local rural building design standard and energy 
efficiency standard.  
2. Methods 
2.1. Introduction of field measurement 
The field measurements were conducted in a large amount of villages located in five different suburban counties 
in Jinan, China, including Pingyin County, Changqing County, Zhangqiu County, Jiyang County and Shanghe 
County. Jinan is located in the north-western part of Shandong province, about 400 kilometers south of the national 
capital of Beijing. Jinan has a humid subtropical considering a mean temperature of -3.0°C in the coldest and driest 
months of January and February with little snow in winter. The measurements were carried out from Jan 24th to Feb 
23rd in 2015. In order to make sure that the data is real and objective, we take on-site investigation as shown in Fig. 1. 
 
 
Fig. 1. on-site investigation. 
2.2. Measurement instrumentations 
In this study, a series of portable and compact instruments were used to measure indoor/outdoor temperature and 
humidity, building surface temperature, air velocity and CO2 level, including Raynger, Telaire, SwemAir and TES 
as shown in Fig. 2. Detailed information for those instrumentations can be found below.  
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Fig. 2. measurement instruments, (a) Raynger ST60; (b) Telaire 7001; (c) SwemAir 03; (d) TES 1360. 
 
Fig. 3. (a) the iButton measuring surface temperature of Chinese kang; (b) outdoor thermal environment. 
This study uses a Raynger ST60 camera that can deliver temperature measurements with <0.07°C thermal 
sensitivity and 2% accuracy. The TES 1360 measures relative humidity and temperature with the resolution of 0.1% 
or 0.1°C, and with the accuracy of ±3% or ±0.5°C, respectively. The SwemAir 03 sensor measures air temperature 
and velocity with the accuracy of ±0.3°C and ±0.03m/s, respectively. Telaire 7001 measures CO2 concentration 
with resolution of ±50ppm or ±5% in the range of 10000ppm. In addition, the DS1922L temperature logger iButton 
sensors with accuracy of ±0.5°C ranged from -10°C to +65°C and with the precision of 0.0625°C [11] were used to 
record the long-term indoor/outdoor air temperature and kang interior surface temperature  as shown in Fig. 3. 
2.3. Questionnaire investigation 
In this study, a questionnaire for rural building energy consumption condition in winter season was designed, so 
as to quantify peasant household’s indoor heating and thermal environment conditions, the building information, as 
well as people’s thermal perceptions. In order to make sure that the data is real and objective, we take on-site 
investigation. While the investigators were filling in the questionnaires, the indoor environment parameters were 
monitoring through the field measurement. Each peasant household has its own file that contains all of their 
information that is relative to the building energy consumption. The main content of this questionnaire includes 
family economic condition, indoor facility condition, heating energy data, indoor thermal/humidity perception, 
building envelope characteristic and so on. There are totally approximately 1200 households (nearly 50 villages) that 
participates the questionnaire surveys. Finally, 928 valid questionnaires were selected and analyzed. Due to the 
limitation for the paper content, this study only provides the information mostly relative to building energy 
consumption. 
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3. Results 
3.1. Building envelope characteristic 
Though the field measurement, we have summarized the characteristic of rural building envelope as shown in Fig. 
4. Note that the percentage means the usage value which is divided the total subjects (equals to 926), therefore, the 
summarized value might exceed 100%. Form these Figures, first, We can find that 85% of the present buildings were 
built in the past 25 years shown in Fig. 4(a), in other words, the life of rural building is roughly 25 to 30 years, which 
is extremely lower than peasants’ expectations. For the building envelope, Fig. 4(b) to 4(f) show that the majority 
building envelopes are characterized by larger averaged thermal transfer coefficients, and represented by red clay 
solid brick, single-glazed wooden/aluminium-alloy window, single-glazed wooden/aluminum-alloy door, floor tile 
and cement mortar floor, and wooden frame sloping roof and reinforced concrete roof, with the larger percentage of 
80.56%, 59.83/40.17%, 64.69/32.07%, 47.84/39.98% and 46.11/38.12%, respectively. But it should be noted that 
there are not thermal insulation materials attached in the exterior building wall and roof, therefore, the current rural 
building type consumes more energy consumption in this cold thermal region. The U-value of the existing typical 
building wall and roof are roughly 3.03W/(m2k) and 2.27 W/(m2k), which are six times and four times of the 
maximum value provided in national regulation, respectively. Fig. 5 shows the typical building envelopes with 
single wooden/aluminium-alloy window and door, wooden frame sloping roof and reinforced concrete roof. 
 
 
Fig. 4. Constitute of building envelope characteristic, (a) building age; (b) building wall material; (c) window type; (d) floor material; (e) door 
type; (f) roof material.  
 
Fig. 5. typical building envelope. 
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3.2. Indoor thermal environment 
First, note that during the period of the measurements, the weather condition was generally warmer in 2015 than 
that in the previous years. Fig. 6 show the indoor thermal sensation vote (TSV) and humidity sensation vote (HSV). 
It is found that peasants’ better adaption ability for thermal environment is demonstrated, which can also be 
observed in Fig. 7(a). The substantial occupants’ subjective perceptions of thermal condition are mainly influenced 
by long-term living in this specified thermal environment. The observation also reveals that the average temperature 
for indoor building wall was only up to 8.0°C, representing the inferior building envelope condition and slightly 
worse indoor thermal environment condition. Through analyzing the indoor CO2 concentration in Fig. 7(b), we find 
that the main heating type of stove coal stove contibutes to larger ammount of indoor CO2 gas discharged, which is 
not direclty relative to people number inside the house. Meanwhile, the relationship of indoor/outdoor temperature 
and humidity are also examined as shown in Fig. 8, which present the inferior indoor air tighness because of the 
larger linear dependence.  
 
 
Fig. 6. (a) indoor thermal sensation vote; (b) humidity sensation vote. 
 
Fig. 7. (a) the relevance of TSV and indoor temperature; (b) the relevance of CO2 concentration and occupant number. 
 
Fig. 8. (a) the relevance of indoor and outdoor temperature; (b) the relevance of indoor and outdoor humidity. 
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3.3. Building energy use 
In Fig. 9(a), the majority of households consider heating due to the increasing economy condition, in which the 
common coal stove heating type accounts for 96% of total heating type as shown in Fig. 9(b). However, up to 10% 
of total heating types employ small household coal stove hot water system, in addition, and only 0.86% of the total 
heating types is Chinese kang with the use of buring the biomass. Fig. 10 and Fig. 11 show the common coal stove 
heating emitter and small household coal stove hot-water heating system.  
By analyzing the building energy data as shown in Fig. 12, we know that as the main heating energy, the coal 
consumes roughly average 0.9t for one household during the heating season (equal to 7317kwh/year), while the 
average monthly electricity only consumes about 57 Chinese yuan (equal to 1244kwh/year) taking up to 17% of the 
total heating energy use. Therefore, it is necessary to improve heating energy efficiency for rural household not only 
to save energy also to reduce large amount of carbon dioxide emission.  
 
 
Fig. 9. (a) heating condition; (b) heating type. 
 
Fig. 10. the commonly used coal stove heating emitter. 
 
Fig. 11. the small household coal stove hot-water heating system. 
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Fig. 12. building energy consumption results. 
3.4. Renewable energy utilization 
As shown in Fig. 13(a) and 13(b), the investigation found that only 0.86% of households use Chinese kang as 
heating system with the heating energy of biomass, which can produce fewer particles and other pollutants than 
traditional fuel source such as coal or natural gas. Considering the large amount of biomass resources in this rural 
area, it is of valuable to promote utilizing this fuel source in the heating system. Fig. 14 shows the long-term 
measurement of temperature variation for indoor air temperature, kang upper-surface temperature and outdoor air 
temperature. The Figures show that when using coal stove heating, the indoor air temperature can keep roughly 10°C 
to 20°C, while the indoor air temperature can only attain approximately 10°C when using Chinese kang heating. 
Generally, the coal fuel consumption is obviously larger than biomass consumption without taking into account the 
fuel combustion efficiency. Another reason is because the biomass energy was consumed to heat kang inside surface 
instead of indoor air, therefore, affiliated heating system is needed. In addition, some passive solar houses are used 
in this area as shown in Fig. 13(c), however, due to lack of the thermal insulation material and inferior air tightness 
for building envelope, the present passive solar houses have not attained efficient heating effect and have to employ 
additional heating equipment such as coal stove. 
 
 
Fig. 13. (a) kitchen range; (b) Chinese kang; (c) passive solar house.   
 
Fig. 14. the temperature variations of indoor air, kang upper-surface and outdoor air in location one (a) and location two (b).  
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4. Discussion 
Through analyzing the present residential building envelop characteristic, indoor thermal environment, occupant 
thermal/humidity perception as well as the heating energy data, it is found that rural heating energy consumption 
(coal fuel) takes up to six times of annual electricity consumption, with large amount of carbon dioxide and 
pollutant emission. Therefore, appropriate measures should be promoted to save energy consumption, including 
energy-saving reformation of building envelope, and renewable energy technologies utilization such as passive solar 
house and efficient kang technology with biomass fuels used. However, if these measures can be put into practice, 
the local government should pay more attention and make appropriate policy and standards first. In addition, farmers 
should also cooperate positively. 
5. Conclusions 
This study provides overall information of the indoor thermal environment, building envelope characteristic, 
building energy consumption in suburban counties in Jinan, by conducting field measurement and doing a large 
amount of questionnaires. The U-value of the existing typical building wall and roof are roughly 3.03W/(m2k) and 
2.27 W/(m2k). It is found that peasants’ better adaption ability for thermal environment is observed. Specified rural 
building energy consumption situation are analyzed. The results show that the heating energy consumption using 
coal fuel in rural area accounts for majority of energy consumption with the value of up to 83%. This study also 
provides appropriate measures such as renewable energy technologies to save rural building energy. It is useful to 
help the government to make a strategic decision. 
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